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White organic light-emitting diode
a b s t r a c t
The exploitation of soluble and efﬁcient deep-red phosphorescent emitters is of paramount importance
for solution-processed organic light-emitting diodes (OLEDs) applied in both high-quality RGB displays
and high color-rendering-index (CRI) solid-state lighting source. In this work, a new deep-red heterolep-
tic iridium(III) complex, i.e. bis[2,5-di(4-hexylthiophen-2-yl)pyridine][acetylacetonate]iridium(III)
[Ir(ht-5ht-py)2(acac)], has been synthesized and successfully used to fabricate solution-processed
saturated red and white organic light-emitting diodes (WOLEDs). The long alkyl side-chains of
Ir(ht-5ht-py)2(acac) render its excellent solubility in common organic solvents and good compatibility
with common host materials. The solution-processed red OLED based on Ir(ht-5ht-py)2(acac) exhib-
ited a decent external quantum efﬁciency of 8.2% and a power efﬁciency of 6.5 lm/W, with satisfac-
tory Commission International de L’Eclairage (CIE) coordinates of (0.68, 0.31) for saturated red
emission. Furthermore, the prepared multiple-phosphors-doped WOLED with Ir(ht-5ht-py)2(acac) as
the red emitter showed an excellent high color rendering index (CRI) value of 89 as well as low
color-correlated temperature (CCT) of 2331 K, which can meet the call for physiologically-friendly
indoor illumination.
 2015 Elsevier B.V. All rights reserved.
1. Introduction
Solution-processed phosphorescent organic light-emitting
diodes (OLEDs) have drawn great attention in the past decades
since they hold great potential in large-area and cost-effective
manufacturing of ﬂat panel displays and solid-state lighting
sources. The efﬁcient phosphorescent emitters that can harvest
both singlet and triplet excitons for radiative decay are of para-
mount importance for achieving high device performance [1–4].
Efﬁcient and solution-processible deep red phosphors and devices
are indispensible in various kinds of organic electroluminescent
(EL) devices such as red–green–blue (RGB) full color displays and
white lighting devices [5]. It not only functions as a primary color
for high color quality RGB displays, but also plays an important role
in determining the light-emitting efﬁciency and color quality of
white light-emitting devices (WOLEDs) [6–7]. Moreover, the
widely used physiologically-friendly ‘‘candle-like’’ white lighting
devices also require efﬁcient deep red phosphors to achieve high
color rendering index (CRI) and low color correlated temperature
(CCT) merits [5]. Although great progress has been achieved in
solution-processed red OLEDs by using novel host materials in
combination with typical light-red dopants [9–11], deep-red phos-
phors and devices with CIE-xP 0.67 are still scarce up to now
[12,13].
Several saturated red phosphors have been developed pre-
viously to improve the light-emitting efﬁciencies of the solution-
processed red OLEDs. For example, Park et al. synthesized an
efﬁcient red phosphor [2-(9,9-diethyl-9H-ﬂuoren-2-yl)-4-
phenylquinoline]2 iridium(III) picolinic acid N-oxide
[(FPQ)2Ir(pic-N-O)] and successfully applied it in solution-
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processed red OLEDs, achieving a luminous efﬁciency (LE) of
9.9 cd/A, a power efﬁciency (PE) of 3.9 lm/W and an external quan-
tum efﬁciency (EQE) of 8.9%, with the CIE coordinates of (0.660,
0.338) [14]. We have reported an efﬁcient saturated deep-red irid-
ium dendrimer containing arylamine units as periphery dendron to
realize superior efﬁciency/color purity trade-offs [10]. The resul-
tant device exhibited a high EQE of 11.65% and a PE of 3.65 lm/W
with a CIE coordinate of (0.70, 0.30). In contrast to the dendritic
route to develop solution-processible red phosphors [15,16],
Chao et al. proposed to modify red tris(1-phenylisoquinoline) irid-
ium [Ir(piq)3] with long side chain to improve its solubility [17],
thus facilitating the miscibility with common poly(vinylcarbazole)
(PVK) host and leading to a distinct efﬁciency increase from
0.74 cd/A to ca. 6 cd/A. In spite of these improvements, highly-sol-
uble efﬁcient deep-red phosphors remain scarce and limit the
development of high color quality solution-processed red OLEDs
and WOLEDs [18–20]. As an example, the CRI values of these
WOLEDs were typically less than 80 and thus did not meet the
practical requirement for white color lighting.
Here, we synthesized a new solution-processible red heterolep-
tic iridium(III) complex, i.e. bis[2,5-di(4-hexylthiophen-2-
yl)pyridine][acetylacetonate]iridium(III) [Ir(ht-5ht-py)2(acac)],
which showed pure red photoluminescence (PL) emission with
peak located at 628 nm, corresponding to the CIE coordinates of
(0.68, 0.31). The red phosphor [Ir(ht-5ht-py)2(acac)] exhibits good
solubility in common organic solvents and excellent miscibility
with host in solution process. The corresponding solution-pro-
cessed red OLED showed a promising EQE of 8% and a PE of
6.5 lm/W. Furthermore, by combining it with a blue phosphores-
cent iridium(III) [bis(4,6-diﬂuorophenyl)-pyridinato-N,C2]-picoli-
nate [FIrpic] [21], green phosphorescent G0 [22] and orange
phosphorescent dopant containing 5-triﬂuoromethyl-2-(9,9-di-
ethylﬂuoren-2-yl)pyridine ligand [Ir(Flpy-CF3)3] [20] to prepare
four-color white emissive layer, the resulting WOLEDs show a high
CRI of 89 and low CCT of 2331 K, making it a physiologically-
friendly white lighting source [8]. This is among a few reports that




All chemicals and reagents were purchased from Aldrich
Chemicals Company. The solvents were carefully dried and dis-
tilled with appropriate drying agents prior to use. Commercially
available reagents were used without further puriﬁcation unless
otherwise stated. The 1H and 13C NMR spectra were recorded with
Bruker Advanced 400 MHz NMR spectrometer. Thermal gravimet-
ric analysis (TGA) was performed on Perkin–Elmer-TGA 7 thermal
gravimetric analyzer under nitrogen ﬂow at a heating rate of 10 C/
min. MALDI-TOF–TOF was carried out using Bruker autoﬂex III
smart beam mass spectrometer.
2.2. Synthesis of ligand
2,5-Dibromopyridine (2.0 g, 7.55 mmol), 3-hexylthiophene
boronic acid (4.0 g, 18.9 mmol) and Pd(PPh3)4 (262.0 mg) were
added into a mixture of THF (30 mL) and 2 M Na2CO3 (8 mL) under
N2 atmosphere. The reaction mixture was heated to 90 C for 48 h
with stirring. Then the reaction mixture was cooled down to room
temperature and extracted with ethyl acetate (EA). The combined
organic phase was washed with water. The organic phase was
separated and dried over MgSO4. The solvent was removed under
reduced pressure and the residue was puriﬁed by column chro-
matography eluting with CH2Cl2/hexane. The product was
obtained as a white crystalline solid. 1H NMR (400 MHz, CDCl3):
d (ppm) 8.80 (d, J = 1.9 Hz, 1H,Ar), 7.84 (d, J = 6.8 Hz, 1H, Ar), 7.61
(d, J = 8.3 Hz, 1H, Ar), 7.51 (d, J = 4.5 Hz, 1H, Ar), 7.20 (d,
J = 1.0 Hz, 1H, Ar), 6.99 (d, J = 11.8 Hz, 1H, Ar), 6.94 (s, 1H, Ar),
2.63 (t, J = 7.7 Hz, 4H, hexyl), 1.72–1.59 (m, 4H, hexyl), 1.42–1.23
(m, 12H, hexyl), 0.90 (dd, J = 7.0, 5.6 Hz, 6H, hexyl). 13C NMR
(101 MHz, CDCl3): d (ppm) 151.31, 146.39, 144.70, 144.47,
143.93, 140.06, 133.26, 128.69, 125.96, 125.19, 122.48, 120.42,
118.55 (Ar), 31.70, 30.65, 30.58, 30.11, 29.01, 22.64, 14.12 (hexyl).
2.3. Preparation of Ir(ht-5ht-py)2(acac)
The phosphorescent iridium complexes were prepared accord-
ing to the well-established two-step strategy from the cyclomet-
alation of IrCl33H2O with the corresponding organic ligand to
form, initially, the l-chloro-bridged dimer, followed by coordina-
tion of the acetylacetone (acac) anion in the presence of Na2CO3
[23]. The reaction mixture was extracted with CH2Cl2. The com-
bined organic phase was washed with water. The organic phase
was separated and dried over MgSO4. The product was puriﬁed
by silica gel column chromatography with CH2Cl2/hexane as an
eluent and a dark red solid was obtained. 1H NMR (400 MHz,
CDCl3): d (ppm) 8.49 (d, J = 1.8 Hz, 2H, Ar), 7.68 (dd, J = 8.5,
2.1 Hz, 2H, Ar), 7.36 (d, J = 8.4 Hz, 2H, Ar), 7.04 (t, J = 5.4 Hz, 2H,
Ar), 6.81 (s, 2H, Ar), 6.69 (s, 2H, Ar), 5.21 (d, J = 4.1 Hz, 1H, acac),
2.52 (dd, J = 15.2, 7.4 Hz, 4H, alkyl), 1.85–1.66 (m, 9H, alkyl),
1.66–1.44 (m, 12H, alkyl), 1.34–1.09 (m, 28H, alkyl), 1.09–0.93
(m, 11H, alkyl), 0.93–0.72 (m, 19H, alkyl), 0.72–0.60 (m, 8H, alkyl).
13C NMR (101 MHz, CDCl3): d (ppm) 183.33 (acac), 163.07, 150.44,
146.59, 144.04, 143.56, 138.46, 135.54, 132.75, 124.08, 123.4,
121.51, 118.85, 115.52, 99.86 (Ar), 30.64, 30.48, 29.52, 29.36,
29.09, 28.68, 28.41, 27.95, 27.51, 21.66, 21.56, 13.07, 13.01 (alky-
l + acac). Calcd for C55H77IrN2O2S4: C, 59.37; H, 6.43; N, 2.52, found:
C, 59.33; H, 6.92; N, 2.52. MALDI-TOF–TOF-MS:m/z found 1112.40,
calcd 1112.66.
2.4. Photophysical, ﬁlm morphology and cyclic voltammetry
measurements
UV–vis absorption and PL spectra were measured by Perkin–
Elmer Lambda 35 UV–vis spectrometer and Perkin–Elmer LS 50B
spectroﬂuorometer, respectively. PL quantum efﬁciency in solution
was measured by the relative method using fac-Ir(ppy)3 (Up = 0.40
in toluene) as the standard [24]. AFM measurements were carried
out using Veeco Instruments in the tapping mode with a 2 N m1
probe in the atmospheric environment. The sample preparation
condition was just the same as device fabrication process. Cyclic
voltammetry (CV) experiments were performed on an EG&G 283
(Princeton Applied Research) potentiostat/galvanostat system. All
measurements were carried out at room temperature with a con-
ventional three-electrode system consisting of a platinum working
electrode, a platinum counter electrode and an Ag/AgCl reference
electrode. The supporting electrolyte was 0.1 M tetrabuty-
lammonium perchlorate (n-Bu4NClO4). The ferrocene/ferrocenium
(Fc/Fc+) couple was used as the internal standard. Emission lifetime
was obtained by single exponential ﬁt of emission decay curve
measured for dilute sample solution (105 M), which was recorded
on a system equipped with a Quanty-ray DCR-2 pulsed Nd:YAG
laser.
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2.5. Material information
4,40,400-Tris(N-carbazolyl)-triphenylamine (TCTA) and poly-
(ethylenedioxythiophene): poly(styrenesulfonate) (PEDOT:PSS)
(Baytron P Al 4083) were purchased from Luminance Technology
Corp. and H.C. Starck Clevios GmbH, respectively, and used as
received. The materials including FIrpic, G0, Ir(Flpy-CF3)3 and
2,7-bis(diphenylphosphoryl)-9,90-spirobi[ﬂuorene] (SPPO13) were
synthesized according to the literature method [20–22,25].
2.6. Device fabrication and testing
The solution-processed red and white OLEDs were fabricated
with a structure of ITO/PEDOT:PSS (50 nm)/emissive layer
(40 nm)/SPPO13 (65 nm)/LiF (1 nm)/Al (100 nm). The ITO sub-
strates were pre-cleaned with routine procedure and treated by
UV–ozone for 30 min. A layer of PEDOT:PSS was deposited on the
ITO substrate via spin-coating to form a hole injection layer. The
PEDOT:PSS-coated substrates were baked in oven at 120 C for
45 min. The emissive layer (EML) consisting of TCTA doped with
Ir(ht-5ht-py)2(acac) (2, 4 or 6 wt.%) was spin-coated from fresh
chlorobenzene solution. As for the white EML, the ratio of TCTA
to FIrpic, G0 and Ir(Flpy-CF3)3 was ﬁxed at 100:20:1.0:0.8 (w/w/
Fig. 1. Absorption (left) and PL spectra (right) of red phosphor Ir(ht-5ht-py)2(acac)
in CH2Cl2 solution with a concentration of 105 M.
Scheme 1. The synthetic route of the ligand and its iridium complex.
Fig. 2. Cyclic voltammograms of Ir(ht-5ht-py)2(acac).
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Fig. 3. The device conﬁgurations and chemical structures of the materials used.
Fig. 4. The topography images of (a) TCTA and (b) TCTA: Ir(ht-5ht-py)2(acac) (4 wt.%) ﬁlm measured by AFM.
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w/w), and emission spectra were solely tuned by changing the con-
centration of Ir(ht-5ht-py)2(acac). A device structure of SPPO13
(65 nm)/LiF (1 nm)/Al (100 nm) was thermally deposited in
sequence in a vacuum chamber at a base pressure of less than
4  104 Pa. The current density (J)–luminance (L)–voltage (V)
characteristics were measured by a Keithley source measurement
unit (Keithley 2400 and Keithley 2000) with a calibrated silicon
photodiode. The EL spectra of the devices were measured by
SpectraScan PR650 spectrophotometer. All measurements were
carried out at room temperature under ambient conditions. EQEs
of the devices were calculated from the luminance, current density
and EL spectrum, assuming a Lambertian distribution.
3. Results and discussion
The synthetic route of the ligand and Ir(ht-5ht-py)2(acac) is
shown in Scheme 1. The key ligand precursor is the 3-hexylthio-
phene boronic acid, synthesized from 3-hexylthiophene, n-butyl
lithium and trimethyl borate in dry THF in an ice-acetone bath.
The ligand was synthesized by the palladium-catalyzed Suzuki
cross-coupling of 2,5-dibromopyridine with 3-hexanethiopheno
boronic acid. Then IrCl3nH2O reacted with an excess of the ligand
to give the chloride-bridged iridium dimer. The dimer could be
readily cleaved to the monomeric complex by replacing the bridg-
ing chlorides with acetylacetonate anion (acac) in the presence of
sodium carbonate [23].
The thermal property of Ir(ht-5ht-py)2(acac) was characterized
by TGA under nitrogen. As measured, the 5% weight-reduction
temperature is as high as 309 C, indicating that the red phosphor
is thermally very stable. The absorption and PL spectra of Ir(ht-5ht-
py)2(acac) in dichloromethane solution are shown in Fig. 1. As
depicted, the red Ir complex exhibits strong absorption bands in
the 200–425 nm region that are assigned to ligand-centered 1pp⁄
transition. The absorption bands with lower extinction coefﬁcients
in the range of 425–540 nm are ascribed to singlet and triplet
metal to ligand charge-transfer (1MLCT and 3MLCT) states induced
by the strong spin–orbital coupling [13,26,27]. The PL emission of
Ir(ht-5ht-py)2(acac) is centered at 628 nm in the deep-red region.
Ir(ht-5ht-py)2(acac) complex shows a decay lifetime as short as
0.95 ls in degassed toluene solution. As reported, the short phos-
phorescent lifetime is advantageous to lower the possible triplet–
triplet annihilation in OLEDs [28–30]. The electrochemical charac-
teristics of the red complex shown in Fig. 2 show that there is a
reversible one-electron oxidation in CH2Cl2 solution. Since the
ligand does not display oxidation waves in this potential region,
the low positive oxidation potential is attributed to the Ir centered
oxidation [31]. Besides, under the condition of oxygen removal,
four reduction waves in DMF solution were observed. Among
them, the ﬁrst reduction potential was used to determine the
LUMO energy level. The calculated HOMO and LUMO levels of
Ir(ht-5ht-py)2(acac) are 5.05 and 3.09 eV, respectively.
Besides, the measured PL quantum efﬁciency of Ir(ht-5ht-py)2(a-
cac) is 0.121 in degassed toluene relative to fac-
Ir(ppy)3(Up = 0.40) as a standard.
Both red and white OLEDs based on the red phosphor Ir(ht-5ht-
py)2(acac) were investigated and the corresponding device conﬁg-
urations are shown in Fig. 3. The red OLEDs have a conﬁguration of
ITO/PEDOT:PSS (50 nm)/TCTA: Ir(ht-5ht-py)2(acac)(xwt.%, ca.
40 nm)/ SPPO13 (65 nm)/LiF (1 nm)/Al (100 nm). Long side chain
in Ir(ht-5ht-py)2(acac) renders it excellent solubility in aromatic
solvent (e.g. >30 mg/mL in chlorobenzene) and good miscibility
with the TCTA host to form homogeneous EML. The topography
images of TCTA:Ir(ht-5ht-py)2(acac) ﬁlm measured by AFM are
homogenous (seen in Fig 4.). The root mean square (RMS) rough-
ness of pure TCTA ﬁlm and the Ir(ht-5ht-py)2(acac)-doped EML is
similar, (0.310 and 0.293 nm, respectively), further indicating the
good miscibility between Ir(ht-5ht-py)2(acac) and the TCTA host.
The EL characteristics of the red OLEDs, including J–V–L curves,
EQE and EL spectra, are displayed in Fig. 5 and some key perfor-
mance parameters of the red OLEDs are summarized in Table 1.
It can be seen in Fig. 5(a) that the current density is gradually
decreased with increasing doping concentration of Ir(ht-5ht-py)2(-
acac) from 2 wt.% to 6 wt.%, inferring that charge trapping effect is
Fig. 5. Device performance of the red device based on Ir(ht-5ht-py)2(acac) with
different doping ratios: (a) J–V–L characteristics; (b) EQE–L curve; and (c) EL
spectra. (For interpretation of the references to colour in this ﬁgure legend, the
reader is referred to the web version of this article.)
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possibly involved for the EL emission in addition to the energy
transfer process from TCTA to Ir(ht-5ht-py)2(acac). It is reasonable
since both HOMO and LUMO level positions of Ir(ht-5ht-py)2(acac)
are located within the HOMO of 5.83 eV and LUMO of 2.43 eV of
TCTA host [32]. The turn-on voltage of red OLEDs is as low as 3.0 V,
irrespective of the Ir(ht-5ht-py)2(acac) doping ratio. Such driving
voltages are actually low compared to the earlier reported red
OLEDs with similar device structures [17,33–35]. In view of the
similar HOMO/LUMO positions of the red phosphors used, such
low driving voltages might be attributed to the homogeneous mor-
phology of the EML. As reported, the homogeneous morphology of
the solution-processed EML is beneﬁcial for lowering the driving
voltages of the devices [36]. The EQE curves of the red devices
A–C are shown in Fig. 5(b). At a doping concentration of 4 wt.%
for Ir(ht-5ht-py)2(acac), the resultant red-emitting device achieved
a maximum EQE of 8% and a PE of 6.5 lm/W with saturated red CIE
coordinates of (0.68, 0.31), which are among the highest efﬁcien-
cies ever reported for solution-processed deep-red OLEDs
[13,17,34,35]. Fig. 5(c) shows that the devices A–C exhibit the same
red color emission from Ir(ht-5ht-py)2(acac) with doping concen-
trations of 2–6 wt.%.
Solution-processed all-phosphor-doped WOLEDs were further
prepared by using red phosphor Ir(ht-5ht-py)2(acac). Solution-pro-
cessed WOLEDs have drawn great research interest in recent years
due to their unique advantages, such as simple device structures
and low-cost solution-processing, etc. The solution-processed
WOLEDs have received large progress with EQE surpassing 25%
and PE approaching 50 lm/W [37]. However, low CRI value is a
common issue encountered for these WOLEDs due to the lack of
suitable deep-red phosphor [19]. Here, four-color phosphorescent
WOLEDs were prepared with a structure of ITO/PEDOT:PSS
(50 nm)/TCTA:FIrpic:G0:Ir(Flpy-CF3)3:Ir(ht-5ht-py)2(acac) (100:20:
1:0.8:x, ca. 40 nm)/SPPO13 (65 nm)/LiF(1 nm)/Al (100 nm) as shown
in Fig. 3. The EL performance of theWOLEDs, including J–V–L curves,
luminous efﬁciencies and EL spectra, are displayed in Fig. 6 and
some key parameters of the WOLEDs are summarized in Table 2.
We can see that, with gradually increasing the concentration of
Ir(ht-5ht-py)2(acac) from 0.4 to 1.2 wt.%, the CRI values of the resul-
tant WOLEDs are distinctly enhanced from 65 to 89, along with
gradually decreasing CCT from 3320 K to 2331 K. Such high CRI
value is sufﬁcient for general white lighting and was rarely reported
previously for solution-processed all-phosphor-doped white-emit-
ting devices. Very recently, Jou et al. [8] ﬁrstly reported red-domi-
nant ‘‘candle-like’’ thermal-evaporated WOLEDs from the
physiologically-friendly point of view. The solution-processed
WOLED device F can meet the requirements. As shown in Fig. 6(c),
with increasing concentration of Ir(ht-5ht-py)2(acac), the red con-
tribution relative to the blue, green and orange emissions is
enhanced and the total emission gradually approaches the ideal
‘‘candle-like’’ warm white emission. As for the emission mecha-
nisms, on the one hand, direct exciton generation on Ir(ht-5ht-py)2
(acac) dopant should play the role on the gradually enhanced red
Fig. 6. Device performance of the ROGB four-color WOLEDs with red Ir(ht-5ht-
py)2(acac) loading content from 0.4 wt.% to 1.2 wt.% (a) J–V–L characteristics; (b)
EQE–J curve; and (c) EL spectra at a luminance of ca. 1000 cd/m2. (For interpretation
of the references to colour in this ﬁgure legend, the reader is referred to the web
version of this article.)
Table 1
Performance of the red OLEDs A-C.
Device Phosphor dopant Vturn-on (V) Luminance (cd/m2)a NL (cd/A)a Np (lm/W)a EQE (%) kmax (nm)b
A 2 wt.% 2.8 1022 4.7 5.3 6.9 628 (0.68, 0.31)
B 4 wt.% 3.0 1548 5.8 6.5 8.2 628 (0.68, 0.31)
C 6 wt.% 3.0 1582 4.9 5.2 7.5 628 (0.69, 0.31)
a Maximum values of the devices.
b Data were collected at 7 V; CIE coordinates shown in parentheses.
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emission component of the white spectra as increasing the concen-
tration of Ir(ht-5ht-py)2(acac) from device D to F. On the other hand,
the simultaneously lowered emission from blue, green and orange
parts indicates that Förster/Dexter energy transfer from TCTA and/
or high content FIrpic to Ir(ht-5ht-py)2(acac) dopant should also
be taken into account. The J–V curves shown in Fig. 6(a) do not exhi-
bit obvious changes with increasing the Ir(ht-5ht-py)2(acac) content
from 0.4 to 1.2 wt.%, which is due to distinctly low absolute concen-
tration of Ir(ht-5ht-py)2(acac) in these devices. The device D
achieved the highest luminous efﬁciency (LE) of 35.5 cd/A.
However, its CRI is merely 65 due to the weak red emission. The
WOLED device F improved the CRI to 89 while the peak LE, PE
and EQE decreased to 19.8 cd/A, 13.2 lm/W and 11.3%, respectively.
Compared to the earlier reports with low CRI level [18–20,37] (less
than 70 in typical), such high CRI value is very excellent and suitable
for warmwhite light from the physiologically-friendly point of view
[8]. As for the declined device efﬁciencies, the relatively low PL
quantum efﬁciency of Ir(ht-5ht-py)2(acac) with respect to FIrpic,
G0 and Ir(Flpy-CF3)3 should be themain reason. Although the design
and synthesis of efﬁcient red emitters is intrinsically more difﬁcult
according to the energy-gap law [38], efforts should be continued
to pursue deep-red phosphors of high PL quantum efﬁciency for fur-
ther development of solution-processed deep-red and white OLEDs.
4. Conclusions
In summary, a solution-processible deep-red heteroleptic irid-
ium complex Ir(ht-5ht-py)2(acac) was synthesized and success-
fully used to fabricate solution- processed red and white OLEDs.
This iridium complex emits pure red light with emission peak
located at 628 nm corresponding to the CIE coordinates of (0.68,
0.31). The introduction of two hexyl side chains on the ligand ren-
ders the red phosphor Ir(ht-5ht-py)2(acac) high solubility in com-
mon organic solvents and good miscibility with host material to
form a homogeneous emissive layer, which is crucial to achieve
high-performance solution-processed OLEDs. With a simple device
structure, the solution-processed red OLEDs based on Ir(ht-5ht-
py)2(acac) achieve an external quantum efﬁciency of 8% and a
power efﬁciency of 6.5 lm/W. The four-color all-phosphor-doped
WOLEDs with Ir(ht-5ht-py)2(acac) as deep red phosphor exhibits
a respectable CRI of 89 and a low CCT of 2331 K, which is a require-
ment for a red-dominant warm white light from the physiologi-
cally-friendly point of view.
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